ULTI walled carbon nanotubes (MWCNT) are gaining more attention to be used in industry and agriculture. The effect of this new nanomaterial should be investigated in order to gain more understanding about its effect on living organisms. In this study, pennycress plant was used as a model to determine the effect of MWCNT on the whole plant as well as its free genomic DNA. Germinated seedlings of pennycress plants were grown on MS agar media supplemented with 25,100 and 200µg/µl MWCNT for 6 days. The root elongation assay indicated that 25µg/µl of MWCNT enhanced the plant growth while the growth rate was reduced at higher concentrations. The gel shift binding assay indicated that MWCNT exhibited the ability to bind the genomic DNA at higher concentrations of 100 and 200µg/µl while no binding was observed at lower concentration of 25µg/µl. This study also showed that the plant pigment was highly reduced at higher concentrations as will be further discussed.
Introduction
Recent years witnessed a significant increase in the interest of engineered nanomaterials (ENM) and their applications in many fields. Due to their unique physicochemical properties such as high surface area and high reactivity, nanoparticles (NPs) could presumably serve as the magic bullets in many aspects. They can be used as herbicides, nano-fertilizers (Mehrazar et al., 2015) , drug delivery systems (De Jong & Borm, 2008) or gene transfer tools (Kovtun et al., 2013) . In addition, NPs can act as signaling molecules that would target specific cellular organelles to release their content or control their gene expression (Siddiqi & Husen, 2016) .
Advances in nanotechnology have led to largescale production of nanoparticles that in turn increases the chances of environmental exposure. Although humans, workers and users in particular, are primarily at risk of being exposed to NPs, the effect on plants cannot be ignored for many reasons. Plants are the main components of food chain in natural and agricultural ecosystems. In addition, the progressively expanding world population requires more land for agriculture and higher crop productivity. The big challenge here is to maintain the balance between the urge to increase crop yield using nanofertilizers while keeping their negative impact at minimum (Hong et al., 2013 and Khot et al., 2012) . High variability of responses towards NPs application was observed among different plant species and varieties (Tiwari et al., 2014) that depended primarily on the developmental stage of the plant at the time of application (Stampoulis et al., 2009) . In general, it is known that nanoparticles can enhance plant growth at low concentrations but have adverse effect at relatively higher concentrations (Qian et al., 2013) .
It had been reported that around 40% of the nanomaterials used in agriculture will be derived from carbon based nanomaterials (Gogos et al., 2012) . These carbon allotropes or so called the wonder materials are comprised of carbon nanotubes (CNTs), fullerenes and graphene (Peng et al., 2014) . The carbon allotropes exhibit outstanding new features that allow their use in wide applications worldwide (Zaytseva, 2016) . Carbon nanotubes (CNT) are carbon cylinders composed of benzene rings and mainly used as drug delivery systems for transporting and translocating therapeutic molecules in medicine (Bianco et al., 2005) . However, there is high risk of nanocarbon tube toxicity at the cellular level (Kah & Hofmann, 2015) . CNT exhibits potential toxicities commonly by free radical formation (Muthu et al., 2013) . There are two types of carbon nanotubes: Single walled carbon nanotube (SWCNT) and multiwalled carbon nanotube (MWCNT). SWCNT is more toxic than MWCNT (Cañas et al., 2008) . SWCNTs are characterized by their electric conductivity while MWCNTs exhibit outstanding mechanical properties (Zaytseva, 2016) . Many reports indicated that the ability of MWCNT to enhance plant growth and development is higher than that of SWCNT (Zaytseva & Neumann, 2016) . Despite the fact that both SWCNT and MWCNT were shown to exert adverse effect on the treated plants (Madani et al., 2013) , MWCNT was used in this study since the potential of using it in agriculture is much higher.
The actual mechanism by which nanocarbon tubes exert their effect on plants is still equivocal. In addition, a standard approach to rapidly characterize the taxological behavior of NPs is still lacking (Kah & Hofmann, 2015) . Therefore, the main objective of this study is to determine the effect of MWCNT on pennycress (Thlaspi arvense L.) plants during early developmental stages based on root elongation assay and other plant pigment biosynthesis after treatment. The effect of MWCNT was directly investigated by its direct application on double stranded genomic DNA (dsg DNA) of the untreated plants.
In the present study, pennycress has been selected because the plant is related to the model plant species Arabidopsis thaliana. Many studies have been recently carried out on the genetics of pennycress in order to improve its potential use as a biofuel crop; the oil-rich seed can be harvested and used as a biodiesel feedstock (Dorn et al., 2013) . Thus, pennycress is a good fit for a chain of research in order to investigate the mode of action of MWCNT and others at the molecular level. This will help to gain the ability to control the adverse reaction of NPs if applied to plants in the future.
Materials and Methods

Plant materials
Seeds of pennycress plants were a gift from Sedbrook lab of plant molecular genetics, Biological Sciences Division, Illinois State University, Normal, IL., USA. Seeds were sterilized by 15% bleach for 15min and then washed four times using sterile distilled water. Seeds were placed onto Petridishes supplied with wet filter paper and kept in dark (covered) inside a plant growth chamber at 21˚C until germination. Homogeneously germinated seedlings were sterilized again and planted onto 1% MS agar media supplemented with different concentrations of MWCNT. Different concentrations of MWCNTS (0, 100, 200µg/ µl) were autoclaved at 121˚C for 45min as this material is stable at high temperature. The seeds were kept under long day condition (16h light/8h dark) for 6 days at 21˚C. The root lengths measurements were recorded every 24h during this time.
Multiwalled carbon nanotube synthesis and characterization MWCNT were synthesized using graphite powder (Sigma Aldrich, Germany) following the method of Hasaneen et al. (2017) . Briefly, concentrated nitric and sulfuric acids were added to graphite powder in a ratio of 1: 2: 0.2 (V: V:W), stirred for 30min at room temperature, cooled at 5°C before slowly adding one gram of potassium chlorate, stirred for 30min, heated at 70°C for one day then placed in the open air for 3 days. All undissolved graphite was washed in 1L deionized water and stirred for 1h and then filtered. The filtrate was dried in the speed vacuum concentrator (Thermofisher, MA, USA). The dry sample was used to prepare the stock solution. The morphology and dispersion of MWCNT were examined using scanning Electron Microscope (SEM, JEOL 1010, Germany; analyzed at Central lab, El-Mansoura University) at 80kV. Stock solution was sonicated for 2min to assure complete dispersion. One drop was mounted onto carbon-coated copper grid and left to dry at room temperature. Dimensions of MWCNT were measured from the retrieved digital images using image J software program (Abràmoff et al., 2004) .
Zeta Potential
The zeta potential of MWCNTs was measured using zeta sizer (Malvern Instruments Ltd, EM, Mansoura University). The synthesis of the material, the characterization and zeta potential measurement was conducted in the central lab, Mansoura University, Egypt.
Root elongation assay
Changes in root lengths over time were checked on the Petriplate every day for 6 days. At the end, plates were photographed by digital camera. Digital images were calibrated and analyzed by measuring root lengths changes over time using image J software program (Abràmoff et al., 2004) .
Plant pigment
Leaves tissue was collected from the treated plants after 6 days of treatment with 0, 100 and 200µg/µl MWCNT to determine its effect on chlorophylls a, b and carotenoid pigments. 0.2g of the first fully expanded leaves from the top of seedling were ground with aqueous acetone (80% w/v). The resulted homogenate was centrifuged using cooling centrifuge at 5000rpm for 3min. The absorbance of the resulted supernatant (the pigments extract) was measured against wave lengths of 470, 537, 646 and 663nm. 
DNA extraction and gel electrophoresis
Total genomic DNA was extracted from 5 grams of 3 week old seedlings of treated and untreated control plants. The method of Wen & Ott (1983) was followed. The concentration of DNA content was measured spectrophotometrically at 260nm using Quawell Q5000UV-Vis spectrophotometer (V2.1.4, USA). DNA integrity was confirmed on 1% agarose gel. Samples were stored at -20°C until use. The DNA concentration in all experiments was adjusted into 2µg for g dsDNA or 5µg for the bacterial plasmid. DNA samples (either gds plant or plasmid DNA) were incubated with 0,100, 200µg/µl of MWCNT at 37˚C for either 15 or 45min and then loaded onto 0.7% agarose then ran for 1h at 70V in the presence of DNA marker. The gel was stained with ethidium bromide and visualized using gel document system (Syngene, Cambridge, UK). The digital image was then analyzed for DNA binding assay or degradation assay using gel documentation software (Genetools, Syngene, Cambridge, UK).
Results and Discussion
The hazards associated with engineered nanomaterials (ENM) could be determined by their interaction with living organisms during their accumulation within the environment. Environmental factors, the type of living tissue, the nature and the concentration of the ENM will determine the level of exposure and consequently the corresponding damage (Handy et al., 2008) .
In this study, the MWCNT nanoparticles were characterized and their homogeneous distribution was confirmed using SEM (Fig. 1) . On average, MWCNT length= 559.54nm ± 0.48 and width= 56.50nm ± 0.67 (Fig 1) . Although the diameter and length of MWCNTs are frequently greater than the size of fullerenes and SWCNTs, their uptake and internal translocation by plants are still efficient (Lahiani et al., 2013) . MWCNT can penetrate cells of developing seedlings, as well as rigid seed coats by perforation and making new pores (Khodakovskaya et al., 2009 ). MWCNTs with a diameter of 110−170nm showed the ability to pierce the epidermal cell wall of wheat and penetrate up to 4μm into the cytosol (Wild & Jones, 2009) . Translocation of MWCNTs from roots to xylem and phloem is likely driven by the process of transpiration (Chen et al., 2015) . MWCNT uptake in root cells of onion (Allium cepa) had significantly altered cellular morphology and resulted in comprising membrane integrity, induced DNA damage, chromosomal aberrations and DNA hypermethylation (Ghosh et al., 2015) . It is also reported that MWCNT increases ROS formation Katti et al., 2015) and alteration in gene expression ). The CNT uptake by living cells is likely to occur via energy dependent endocytosis (Shi Kam et al., 2004) . The zeta potential of MWCNT in this study indicates that its maximum stability occurs at the neutral pH =7 as shown in Fig. 2 . zeta potential (ƺ)
pH value
Most of studies that focused on MWCNTs effects on plant growth and development have used hydroponics or agar growth media. Soil culture had been employed very rarely due to limited mobility of MWCNTs in soil (Kasel et al., 2013) . For this reason, 1% MS agar medium was used herein as a growth medium to determine the effect of 0, 25, 100 and 200µg/ µl MWCNT on pennycress plants for 6 days. During the treatment time, root elongation rate was daily recorded (Fig. 3 and 4) . In the present case, there was no significant difference in root length in case of application of 25µg/µl and the untreated control (Fig. 3 and 4) . On the other hand, MWCNT at higher concentrations of 100 and 200µg/µl reduced the root elongation rate (Fig. 3 and 4) .
Despite of the ability of CNTs to enhance number and fruit bloom in tomato, yet there were some concerns about the toxological risks due to the accumulation of MWCNT within the fruit (McGehee et al., 2017) . Ghosh et al. (2015) reported DNA damage, micronucleus formation and chromosome aberration in onion roots (Allium cepa) in response to MWCNT treatments. In tomato roots (Solanum lycopersicum), MWCNTs triggered overexpression of various biotic stress-related genes such as those of aquaporin (Villagarcia et al., 2012) . Thus, MWCNTs seed treatments may reflect a common stress response with the ability to induce plant defense genes or results in toxicities depending on the intensity of the stimulus (Lahiani et al., 2013) . Egypt. J. Bot. 58, No.3 (2018) THE EFFECT OF MULTI-WALLED CARBON NANOTUBES ON PENNYCRESS ... Giraldo et al. (2014) exploited the interaction between plant organelles such as chloroplast and SWNCT to enhance photosynthesis by unknown mechanism (Giraldo et al., 2014) . On contrary, the data of this study indicated that MWCNT caused a decreased chlorophylls a, b and consequently total chlorophyll in a dose dependent manner (Table 1 ). The result of the current research is concomitant with that of Lin et al. (2009) where MWCNT reduced chlorophyll pigment in Arabidopsis plants. Interestingly, carotenoid pigments increased to 525. 69mg/ml at 100µg/µl MWCNT then decreased to 2.8mg/ml after 6 days of treatment, compared with carotenoid content in corresponding control plants (18.13mg/ml) ( Table 1 ). It is known that carotenoids are stress sensors/ signals in plants (Shumbe et al., 2014) . Thus, carotenoids are likely overexpressed to protect plant tissues from the oxidative stress of MWCNT at relatively moderate high concentrations, i.e. 100 but not 200µg/µl. Recent studies showed that CNT toxicity, in many cases, is not associated with free radical formation but rather induced DNA damage in living cells (Tsukahara & Haniu, 2011) . The uptake of CNT is suggested to influence plants potentially through its interaction with DNA (Zaytseva, 2016) . CNT is also able to bind metals in biological systems and induce ROS production (Yadav & Kumar, 2008) . Molecular dynamics simulations showed that the DNA can wrap onto SWCNT and consequently modify its conformation (Katti et al., 2015) . Agarose gel electrophoresis can be used to determine the binding ability of the nanoparticle to DNA (Uritu et al., 2013) . In the present study, free untreated DNA was incubated at 37˚C with 0, 25 100 and 200µg/µl of MWCNT for either 15 or 45min. The same result was recorded with both incubation times indicating that it is not a limited factor as shown in Fig. 5 . Yet, incubation at 37˚C is necessary for the interaction to take place. I noticed a mobility shift in DNA incubated with higher concentrations of 100 & 200µg/µl of MWCNT (Fig. 5) . On the other hand, DNA incubated with 25µg/µl of MWCNT was comparable to the control (Fig. 5) . This was assumed due to binding of MWCNT with DNA at high concentrations. Other studies documented fullerene conjugates where buckyball C60 carbon acted as an efficient binder to double stranded DNA (dsDNA) (Uritu et al., 2013) . This binding reaction can happen with genomic DNA either in its free form (in vitro) or within intact cells (In vivo) and do have many medical applications (Partha & Conyers, 2009) . Buckminster fullerene C60 is a member in carbon allotrope family and contains 60 carbon atoms with C 5 -C 5 single bonds forming pentagons and C 5 -C 6 double bonds forming hexagons (Kroto et al., 1985) . However, and to the best of my knowledge, I could not retrieve any information in relation to DNA binding to MWCNT.
Conclusion
DNA gel binding assay could be used to determine the nature of interaction between NPs and DNA. This will help also to identify the optimum dose of treatment in the crop field. Thus, it might be concluded that there are still many concerns with respect to the biosafety of applying MWCNT to the living cells. Control is dsgDNA only at room temperature (sample 1) or incubated at 37 °C for 15 min (2) or 45 min (6). Note that at 25 µg/µl of MWCNT, no shift in the molecular weight occurred either after incubations for 15 min (3) or 45 min (7). On the other hand, at higher concentrations of 100 and 200, there was a shift in the molecular weight either 15 min (4, 5) or 45 min (8, 9) incubation at 37 °C.
